Theoretically, rare decay π 0 → e + e − starts at one loop level in the standard model (SM), which has been studied over the years [1, 2, 3] since the first investigation in QED by Drell [4] .
It is nontrivial to make precise prediction for its branching ratio B SM (π 0 → e + e − ) because its subprocess involves π 0 → γ * γ * transition form factor. Using a dispersive approach to the amplitude and the experimental results of the CELLO [5] and CLEO [6] Collaborations for the pion transition form factor, Dorokhov and Ivanov [3] have found B SM (π 0 → e + e − ) = (6.23 ± 0.09) × 10 −8 .
Experimentally, the accuracy of measurements of the decay has increased significantly in recent years. Recently, using the complete data set from KTeV E799-II at Fermilab, KTeV
Collaboration has made a rather precise measurement of the π 0 → e + e − branching ratio [7] B no−rad KT eV (π 0 → e + e − ) = (7.48 ± 0.29 ± 0.25) × 10
after extrapolating the full radiative tail beyond (m e + e − /m π 0 ) 2 > 0.95 and scaling their result back up by the overall radiative correction of 3.4%.
As already noted in Ref. [3] , the SM prediction is 3.3 standard deviations lower than the KTeV data. The large discrepancy could be due to hadronic dynamics. However, the authors of Ref. [3] have compared their result with estimations of various phenomenological models and found good agreements within the uncertainties quoted in Eq. (1) . Further analyses have found that QED radiative contributions [8] and mass corrections [9] are at few percentage level and thus unable to reduce the discrepancy.
As is known, the leptonic decays of pseudoscalar mesons are very sensitive to pseudoscalar weak interactions beyond the SM. Precision measurements and calculations of these decays will offer sensitive probe for new physics (NP) effects at low energy scale. Of our interests, the rare decay π 0 → e + e − could proceed at tree level via a flavor-conserving process induced by a light pseudoscalar Higgs boson A 0 1 in the next-to-minimal supersymmetric standard model (NMSSM) [10] . In this letter, we will look for parameter space of NMSSM which could resolve the aforementioned discrepancy of B(π 0 → e + e − ) at 1σ. Then we combine constraints from a µ and the recent searches Υ(1S), (3S) → γA 0 1 by CLEO [11] and BABAR [12] , respectively. The NMSSM has generated much interest in the literature, which extends the minimal supersymmetric SM (MSSM) by introduction of a new Higgs singlet chiral superfieldŜ to solve the known µ problem in MSSM. The superpotential of the model reads [10] 
where κ is a dimensionless constant which measures the size of Peccei-Quinn (PQ) symmetry breaking.
Besides two charged Higgs bosons, H ± , the physical NMSSM Higgs sector consists of three scalars h 0 , H 
Generally, the masses and singlet contents of the physical fields depend strongly on the parameters of the model, in particular how well the PQ symmetry is broken. If the PQ symmetry is broken slightly, A 0 1 can be rather light, which mass is given by
with x = S the vacuum expectation value of the singlet; meanwhile, another pseudoscalars 
where
could be neglected in the large tan β approximation.
To the leading order, the relevant Feynman diagram within NMSSM is shown in Fig. 1 . We obtain its amplitude as
Notice that the decay amplitude is independent of
In the SM, to the lowest order the normalized branching ratio of π 0 → e + e − is given by [3] R(π
where β e (m
and A(m 2 π 0 ) is the reduced amplitude. To add the NMSSM amplitude to the above ones consistently, we rederive the SM amplitude to check possible differences of conventions between ours and the ones used in Ref. [3] . The Fig. 2 . We start with the
Feynman diagram via two photon intermediate states is shown in
where k and q−k are the momenta of the two photons,
is the coupling constant of π 0 to two real photons.
to F π 0 γ * γ * (0, 0) = 1. The amplitude corresponding to Fig. 2 is written as
with
There is an convenient way to calculate L µν known long ago [14] with the projection operator for the outgoing e + e − pair system
and t = q 2 = m 2 π 0 . After some calculations, we arrive the amplitude of
where the reduced amplitude A(q 2 ) is
. (14) We note A(q 2 ) derived here is in agreement with Ref. [3] . Further evaluation of the integrals of A(q 2 ) is quite subtle and lengthy [1, 15] . In our following calculations, we quote the result of Ref. [3] ,
With Eq. (6) and Eq. (13), we get the total amplitude
Now we are ready to discuss the effects of A contribution in Eq. (6) is replaced by
Assuming A 
where r = 1 for leptons and r = N c for quarks, k i = m In the rest of the paper, we will look for which part of the survived parameter space could satisfy constraints from radiative Υ decays and a µ simultaneously.
To include a µ constraint, we use the experimental data [23] a µ (Exp) = (11659208.0 ± 6.3) × 10 −10 and the SM prediction [24] a µ (SM) = (11659177.8 ± 6.1) × 10 −10 . The discrepancy is
which is established at 3.4σ significance.
The contributions of A 0 1 to a µ is given by [25] δa µ (A
The A 0 1 contribution is always negative at one loop level and worsen the discrepancy in a µ , however, it could be positive and dominated by two loop contribution for A 0 1 > 3GeV [25] . It should be reminded that there are other contributions to a µ in NMSSM, say, chargino/sneutino and neutralino/smuon loops, and the discrepancy △a µ could be resolved without pseudoscalars [25] . So, it is rather model dependent to get constraint on |X d | from a µ . There are two approximations with different emphases on the role of A 0 1 , namely, (i) assuming △a µ resolved by other contributions and asking A 0 1 contributions smaller than the 1σ error-bar of experimental measurement, and (ii) A 0 1 contributions solely responsible for △a µ . We note the approximation (i) has been used to derive upper bound |X d | < 1.2 in Ref. [18] . We present the a µ constraints with the two approximations in Figs. 4(a) and (b) , respectively.
From Fig. 4(a) , we can find that there are two narrow overlaps between the constraints from a µ and B(π In the searches for Υ → γA [11] and BABAR [12] . Combining all these constraints, we have found 
